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RECONFIGURABLE RADIO-FREQUENCY
FRONT-END

FIELD OF THE INVENTION

The subject matter relates to tunable radio-frequency units,
which are able to vary the operating frequency or operate in
highly variable environments. The subject matter particularly
relates to radio-frequency identification (RFID) front-ends
and devices.

BACKGROUND OF THE INVENTION

Wireless communication becomes the most popular com-
munication means in the communication society. Integrated
circuits and devices supporting radio frequency communica-
tion need to be consistent with various standards 1n different
frequency bands. In order to allow multi usage of components
for different frequencies, as well as for different standards,
the components need to be able to vary their tuning frequency.

One example for radio frequency communication is radio-
frequency 1dentification (RFID) technology. RFID 1s an
upcoming technology in many applications. RFID readers are
used to locate and readout RFID tags with a unique 1dentifi-
cation code. The RFID tags can be used as smart labels 1n
stores on products for identification, localization, stock
checking and pricing of products. Tracking products or
people, 1n particular 1n logistic technology, will use RFID
technology. Further, RFID tags may be implanted into the
human body for identification as well as for medical reasons.
Furthermore, access to restricted areas or vehicles may be
controlled by RFID technology.

The advantage of the usage of RFID technology, for
example compared to conventional barcodes, are dynamic
product information, no line-of-sight being required, no
human 1ntervention for scanmng being required, multiple tag,
read-outs are possible at the same time, re-usability, durabil-
ity, and robustness. Obiquitous use of RFID products 1is
expected when technology will be cheap.

The cost of RFID technology 1s thus a major concern 1n this
field. Cost increasing factors are considered. Different stan-
dards exist for RFID readers, RFID writers, as well as for
RFID tags. For example, globally multiple operating frequen-
cies are used 1n current RFID technology. The currently used
operating frequencies may be subdivided 1n four different
groups: 1) a low frequency group, which has a frequency
range of 30-300 kHz, 2) a high frequency group, which has a
frequency range of 3-30 MHz, 3) an ultra high frequency
group, which has a frequency range of 300 MHz-3 GHz, and
4) a radio frequency group, which has a frequency range of
2-30 GHz. These four groups are again split in frequency
bands for short-range devices, which bands are controlled in
the European Union, the US, and other areas of the world.
Further, changes to the frequency ranges may apply in the
future due to political or economical reasons. For example,
frequency ranges may differ depending on country or use
case. A higher frequency may result 1in an increase of the data
transmission speed, and extends the signal path from the
RFID reader to one or more RFID tags. For example, low
frequency and high frequency bands may cover signal dis-
tances of 1.5 m at data rates of 25 kbit/s. The ultra high
frequency as well as the radio frequency bands may allow
signaling up to 10 m at data rates of up to 100 kbat/s.

In view of the above, it 1s desirable to have re-configurable
RFID readers/writers and/or tags, which allow covering a
multitude of frequency bands. One constrain, however, 1s that
the RFID tag as well as the RFID reader needs to be cheap in
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order to allow the RFID technology to become a mass market
product. Moreover, in particular relevant for the RFID tag, the

drive circuit for receiving and sending within the frequency
bands needs to be small 1n size.

In order to allow for reconfiguration of the RFID reader/
writer or the RFID tag, a transmission-reception front-end
may be provided, which 1s re-configurable in view of the
transmission and reception frequency. Most of today’s tun-
able filters however, rely on either mechanical or electronic
tuning using varactor diodes or switched capacitors.
Mechanically tunable cavity filters are not suitable for RFID
tags due to their size. Integrated varactor-diode based tunable
filters are faster, however, they provide high losses at radio
frequency due to their low quality factor. Switched capacitor
filter banks are usually big 1n size.

SUMMARY OF THE INVENTION

In order to provide for multi-usage radio frequency com-
ponents, which are cheap and small 1n size, a re-configurable
radio-frequency front-end 1s devised, comprising an antenna
with a matching network. The matching network comprises at
least one electrically tunable passive solid-state dielectric
component on a carrier substrate. The matching network may
also be understood as a resonant circuit.

Passive solid-state dielectric components may, for
example, be understood as comprising ferroelectric materials
offering a high dielectric constant. Furthermore, passive
solid-state dielectric component may be understood as com-
prising material that has no ferroelectric phase transition. By
using the tunable passive solid-state dielectrical component
within the matching network, which 1s placed on or within a
substrate, one single re-configurable circuit can support at
least a part of the above mentioned different frequency bands.
The passive solid-state dielectric component allows for inte-
gration on a chip or on a stack 1n combination with commonly
used materials. On a carrier substrate, the electrically tunable
passive solid-state dielectrical component provides for cheap
component integration and high integration factor, thus
decreasing the size of the component.

According to embodiments, the dielectric component com-
prises dielectric material with a relative permittivity of at least
50, preferably 80, at a minimum voltage of 3 Volt. The mate-
rial may have an equilibrium spontaneous polarization that
can be re-oriented by an applied electrical field, for example
having a hysteresis loop. This electrical field may be under-
stood as the control voltage applied onto the solid-state
dielectric component for tuning. In the paraelectric phase, the
spontaneous polarization may equal zero, however, the rela-
tive permittivity €, remains high and can be changed with the
applied electrical field. This enables the fabrication of elec-
trically tunable matching networks, for example having
capacitors with high tunability levels. Tunability may be
understood as (Cmax—Cmin)/Cmax, for example greater than
50%, at DC-voltage levels as low as 2to 5 V.

As has been mentioned above, the polarization of the solid-
state dielectric component may be altered by applying an
clectrical field. Theretfore, 1n order to control the matching
network, 1.e. its resonant frequency, embodiments provide
controlling the relative permittivity using a control voltage.
The control voltage may be applied as an electrical field onto
the solid-state dielectric component, thus changing its per-
mittivity and as a consequence changing also the resonance
frequency 1 of the matching network within which the tunable
passive solid-state dielectric component 1s arranged.

According to embodiments, a voltage controller may be
provided for controlling the relative permittivity by providing
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a specific control voltage. For example, the voltage controller
may apply the control voltage onto electrodes, which may
have a planar structure, upon which the component 1s applied.
The voltage controller may thus provide for adjusting the
tuned frequency of the matching network. The tuned fre-
quency may be the resonance frequency of the matching
network.

According to embodiments, a control voltage for altering
the permittivity may be provided as a continuous change or
switched change. For example, changing the control voltage
smoothly, allows for a smooth change. If the controlled ele-
ment exhibits a hysteresis, then the controller might switch
the element between two states. Another option 1s to apply a
bias voltage to lower the hysteresis. A third option 1s that the
controller artificially inserts a hysteresis to avoid instable
control loops. A switched change of the control voltage may
allow for fast changes of the tuning frequency of the matching
network.

According to embodiments, the dielectric component may
be integrated on the carrier substrate together with at leastone
ol a resistor, a coil, or a control logic. Integrating the compo-
nents on a carrier substrate may provide for a high degree of
integration. Further, the cost of the overall device may be
reduced. Also, the size of the devices may be reduced. The
matching network may, according to embodiments, be inte-
grated as a single chip or a single package.

Tunable dielectrics may be non-ferroelectric, e.g. with a
pyrochlore phase, anti-ferroelectric or ferroelectric thin films,
¢.g. strontium titanate SrT10; and barium strontium titanate
Ba_Sr,_ Ti10,; (BST). The ferroelectrics might be operated at
temperatures below or above the ferroelectric phase transi-
tion. Strontium titanate presents high permittivity at signifi-
cantly low temperatures. However, at higher temperatures,
for example room temperature, barium strontium titanate
may provide better results. Integrating components based on
bartum strontium titanate allows for integration with other
passive (tunable) devices, or active devices such as mono-
lithic microwave integrated circuits (MMICS), low cost
simultaneous fabrication of multiple tunable components,
and allows for low losses 1n ligh quality films and high

power-handling capability. Barium strontium titanate (Ba_,
Sr,_ T10;) may be provided with a composition X between 0.2
and 0.8.

The dielectric material may, according to embodiments, be
arranged within a metal-insulator-metal (MIM) capacitor.
The MIM integration may allow maximizing the tunability of
the capacitance. The MIM structure may comprise a high-k
insulator as dielectric. A high-k insulator has a relative per-
mittivity much higher than that of S10,. Ferroelectric thin
film capacitors typically have relative permittivities between
200 and 2000 at zero bias. The capacitors can also be arranged
as planar finger structures, giving a lower tuning with 1denti-
cal bias.

The dielectrical component may be a tunable capacitor
with a capacitance density of at least 1 nF/mm~. This high
capacitance density may allow for larger tuning ranges at
lower voltage ranges of the control voltage. It has been found
the capacitance density of 1 nF/mm~ allows for tuning within
at least one, preferably two of the above named frequency
bands.

The tuning ranges may, according to embodiments be at a
capacitance tuning ratio (Cmax/Cmin) of 2:1 at a maximum
voltage of 3 Volt. This implies, 1f the inductance 1s constant, a
shift 1n resonance frequency (I=1/sqrt(2nL, C, ))) of a factor
of 1/sqrt(2). The impedance tuning range of matching net-

10

15

20

25

30

35

40

45

50

55

60

65

4

works can be higher than the tuning ratio of the capacitor, e.g.,
by cascading matching network stages or by using a higher
loaded quality factor.

According to embodiments, the frond-end may be
arranged within one of A) RFID tag, B) RFID reader, and/or
C) RFID writer. The RFID tag has the most constrains regard-
ing cost and size. A tag needs to be very small and very cheap
to be sold 1n mass market. RFID readers and RFID writers are
not constrained with regard to size, however, also with regard
to cost. It secures also investments 1f they can read many
standards and can be reconfigured to read a specific fre-
quency. Readers and writers may be stand-alone devices

being arranged in observing areas to observe, whether a tag
enters the area or not.

For providing the desired tuning frequency, 1.e. the desired
resonant frequency the matching network may comprise,
according to embodiments, at least one tunable resonant LC
circuit 1n series, parallel and/or in combination of both. The
circuit can be tuned to the selected frequency band by tuning
the dielectric component using the control voltage.

According to embodiments, at least two frequency bands
are selectable by switching between difierent tunable passive
components. For example, it may be possible to provide a
switch within the matching network for switching between
different tunable passive solid-state dielectric components.
Also, 1t may be possible to provide for more than one match-
ing network on a chip. The desired matching network may be
selected by a switch.

According to embodiments, the antenna may form an 1nte-
gral part of the matching network. The antenna may provide
DC ground to the matching network. The antenna might be
too large to economically integrate it on the same carrier
substrate as the dielectric components, especially if frequen-
cies below 500 MHz should be accessible to the front-end. A
part ol the antenna, e.g., a tapping feed or part of the matching
network can nevertheless be integrated.

Another aspect 1s a radio frequency device comprising a
front-end of claim 1. Such a device may, according to
embodiments, be arranged as RFID device for reading smart
cards or tags for pricing, payment, identification, tracking,
and/or locating people and/or products. The RFID device
may further be used for implantation into a human body, with
or without integrated sensors. Further, the device may be used
for security clearance for restricted areas or information.
Another case of use may be using an RFID device as
described above for starting up a vehicle.

The subject matter 1s further elucidated by the following
Figures and examples, which are not intended to limit the
scope of the mvention. The person skilled in the art waill
understand that various embodiments may be combined.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings show:

FIG. 1 a dielectric component on a carrier substrate with a
matching network;

FIG. 2 a first matching network;

FIG. 3 a second matching network;

FIG. 4 a third matching network;

FIG. 5 an electron-microscopical cross-section through a
terroelectric capacitor;

FIG. 6 a system-in-package module with an electrically
tunable passive solid-state dielectric component.

DETAILED DESCRIPTION OF THE DRAWINGS

FIG. 11llustrates a passive tunable dielectric component on
a carrier substrate.
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In FIG. 1, a carrier substrate 2 can be provided. The carrier
substrate 2 may be a silicon substrate, upon which structures
can be etched and grown. Indicated as 4 1s a metal sheet, being
provided on the substrate 2 at least partially. The sheet 4 may
provide a bottom electrode. The dielectric material 6 may be
provided above sheet 4, 1 particular above the area, where
sheet 4 covers substrate 2. Above the area, where the dielec-
tric material 6 1s arranged, a second metal sheet 8 may be
provided. This second sheet 8 may form a top electrode.
Further, the metal sheet 8 may provide for connections to
turther components on the stack 10. Indicated schematically
are provided further components on stack 10, for example an
antenna 12, aresistor 14, a controller 16, and a connection pad
18.

The component illustrated 1n FIG. 1 may be used within
any kind of radio-frequency communication device. For
example, any kind of wireless communication device may use
the component illustrated 1n FIG. 1. It may be possible to
integrate the component illustrated 1n FIG. 1 into a package
with other components. For example, the component of FIG.
1 may provide the dielectric material for at least one of a
butiler capacitor, a decoupling capacitor, a varactor or a var-
actor diode. Any such passive component may utilize a
dielectric material embedded within the module of FIG. 1.

It may further be possible that the dielectric material 1s a
high-k insulator. A high-k insulator may have a relative per-
mittivity much higher than that of S10,. Ferroelectric thin
film capacitors typically have relative permittivities between
200 and 2000 at zero bias.

FI1G. 2 illustrates a first front-end 20 with an antenna 24 and
a matching network 22. The antenna 24 may be comprised of
an inductor 24a, and a resistor 24b. Antenna 24 may be
connected to ground 26. Antenna 24a may be electrically
connected to matching network 22. Within matching network
22, according to FIG. 2, there may be arranged two tunable
capacitors 22a, 22b being formed as MIM capacitors 22a,
22b. By providing a tuning voltage via a controller 28, the
capacitance values of the tunable capacitors 22a, 226 may be
changed. The controller 28 may provide for a switching volt-
age as well as a continuous changing voltage for changing the
capacitance values of the capacitors 22a, 22b.

FIG. 3 illustrates a similar circuit as FIG. 2, being different
in the arrangement of the matching network 22, 1n particular
of the capacitors 22a, 22b. Both matching networks 22 1n
FIG. 2 and FIG. 3 eliminate the need for a coil in the matching
network 22, as the antenna 24 1s an inductive antenna. As can
be seen 1n FIG. 2, 3 a transmission-reception network 30 may
be connected to the matching network 22, for providing the
communication to and from the antenna 24.

The matching network 1n FIG. 4 comprises 1n addition to
the capacitors 22a, 225 the inductance 22¢. Providing the
inductance 22¢ may allow for providing an antenna 24 having
a wider range of impedances or for instance, having a capaci-
tive component 24c.

It may be possible, to combine a connection of antenna 24
to either matching network 22 of FIG. 1 or matching network
22 of FIG. 2 or FIG. 3. The capacitors 22a, 225 within the
matching network 22 may be different, thus providing ditter-
ent capacitance values of the matching network 22. Switching
between the matching networks 22 may provide for different
tuning ranges. For example, a first matching network 22 may
be arranged for being tunable within low frequency and high
frequency, and the second matching network 22 may be
arranged for being tunable within ultra high frequency and
radio frequency. A switch may switch the antenna 24 between
different matching networks 22 depending on the needs of the
component.
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By providing the tunable component, radio frequency
modules may be used with different frequency ranges reduc-
ing circuit area and overcoming cost constrains. This may be
uselul, for example, for radio frequency 1dentification (RFID)
front-ends.

FIG. 5 shows a sectional view onto a tuneable solid-state
capacitor having a BST dielectric 53 between a bottom elec-
trode 52 and a top electrode 54 on a carrier substrate 31.

FIG. 6 illustrates an RFID chip 601. The RFID chip 601
may be bonded to the substrate 602 by bumps 605 that con-
nect to the mterconnects 606 or 630 on the RFID chip 601 or
substrate 602. The substrate 602 may be arranged on top of an
RFID tag fo1l 603 or a RFID reader/writer board. Moreover,
the RFID tag fo1l 603 may also be part of a package.

Within the 1llustrated package, at least one dielectric com-
ponent 620 may be arranged on the substrate 602 and below
the RFID chip 601 or partially as capacitor 620 below the chip
601. The dielectric components 610 or 620 could be tuneable
capacitors. The larger capacitors 620 can also act as decou-
pling or bulfer capacitor. A decoupling capacitor would also
be advantageously placed close to the connections 607 or 630
to filter unwanted interference and noise.

The mvention claimed 1s:

1. A reconfigurable radio-frequency front-end circuit com-
prising;:

an antenna, and

a resonant circuit within a matching network, the matching,

network 1ncluding at least one electrically tunable pas-
stve solid-state dielectric component, having a relative
permittivity controlled by a control voltage or node inte-
grated on a carrier substrate with said at least one elec-
trically tunable passive solid-state dielectric component,
wherein the front-end circuit 1s comprised within a
radio-frequency i1dentification (RFID) device, and the
solid-state dielectric component 1s configured and
arranged for tuning, relative to the resonant circuit, to an
RF antenna-received signal.

2. The reconfigurable radio-frequency front-end circuit of
claim 1, wherein the dielectric component 1s at least one of

a bufler capacitor;

a decoupling capacitor;

a varactor;

a varactor diode;

a capacitor with a hysteretic C(V) curve.

3. The reconfigurable radio-frequency front end circuit of
claim 1, wherein the dielectric component includes a dielec-
tric material with a relative permittivity of at least 30 at a
minimum voltage of 3 volts.

4. The reconfigurable radio-frequency front-end circuit of
claim 1, wherein the dielectric component 1s integrated on the
carrier substrate together with at least one of

a resistor;

a coil;

a control logic;

an antenna.

5. The reconfigurable radio-frequency front-end circuit of
claim 1, wherein at least the matching network 1s integrated as
a single chip or a single package.

6. The reconfigurable radio-frequency front-end circuit of
claim 1, wherein the dielectric component includes at least
one of

A) SrT10,

B) Ba Sr,_Ti10,, withx=0. .. 1

C) (B1;,.Zn, ; }(Zn Nb, )O., with x=0.4 . .. 0.8

D) Pb(Zr,T1)O,

E) A mixture of lead magnesium niobate with lead titanate
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F) materials A-E with at least one of the dopants Mg, Nb,
La, Y, Zr, W, Ce, la, Fe, or Cr.

7. The reconfigurable radio-frequency front-end circuit of
claim 1, wherein the dielectric component 1s arranged within
a metal-insulator-metal (MIM) capacitor.

8. The reconfigurable radio-frequency front-end circuit of
claim 1, wherein the dielectric component 1s a tunable capaci-
tor with a capacitance density of at least 1 nF/mm~.

9. The reconfigurable radio-frequency front-end circuit of

claim 1, wherein the front-end 1s arranged within one of
an RFID-tag;
an RFID reader;
an RFID writer.

10. The reconfigurable radio-frequency front end circuit of
claim 1, wherein the dielectric component comprises a dielec-
tric material with a relative permaittivity of at least 80, at a
mimmum voltage of 3 volts.

11. A reconfigurable radio-frequency front-end circuit
comprising;

an antenna, and

a resonant circuit within a matching network, the matching

network including at least one electrically tunable pas-
stve solid-state dielectric component on a carrier sub-
strate, wherein the front-end circuit 1s comprised within
a radio-Trequency 1dentification (RFID) device, and the
solid-state dielectric component 1s configured and
arranged for tuning, relative to the resonant circuit, to an
RF antenna-received signal, wherein the dielectric com-
ponent includes a dielectric material with a relative per-
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mittivity of at least 50 at a minimum voltage of 3 volts,
and the relative permittivity 1s controllable by a control
voltage provided at a voltage circuit or node itegrated
on the carrier substrate.

12. The reconfigurable radio-frequency front-end circuit of
claim 11, further comprising a voltage controller or generator
for controlling the relative permittivity by providing the con-
trol voltage.

13. The reconfigurable radio-frequency front-end circuit of
claim 12, wherein the voltage controller 1s arranged for pro-
viding a continuous or switched change of the control voltage
for altering the permittivity.

14. A radio frequency device comprising;:

a front-end circuit having

an antenna, and

a resonant circuit within a matching network, the match-
ing network including at least one electrically tunable
passive solid-state dielectric component, having a
relative permaittivity controlled by a control voltage or
node itegrated on a carrier substrate with said at least
one electrically tunable passive solid-state dielectric
component.

15. The radio frequency device of claim 14 being config-
ured and arranged as RFID device for reading smart cards or
tags for pricing, payment, identification, tracking or locating,
people and/or products, for implantation into a human body,
for security clearance for restricted areas or information, or
for starting up a vehicle.
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